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Possible manifestation of the family non-universal Z ′ boson effects in lepton polarization in rare,
exclusive baryonic Λb → Λ+− decay is examined. It is observed that the double lepton polarizations
PNN , PT T and PT N are sensitive to the Z ′ contribution. Moreover, it is found that the values of the
polarized forward–backward asymmetry ALLFB are different in Standard Model (SM) and family non-
universal Z ′ model in different regions of q2, and therefore can serve as an eﬃcient tool for establishing
new physics beyond the SM.
© 2012 Elsevier B.V. Open access under CC BY license.1. Introduction
Investigation of the rare decays described by the b → s(d)
transitions represents one of the main directions of high energy
physics. The attractive property of these decays is that they are for-
bidden at tree level in the Standard Model (SM) and appear only
at loop level. Therefore these decays are quite promising for check-
ing gauge structure of the theory at quantum level. These decays
are also excellent candidates in search of new physics beyond the
SM.
Rare decays in the B-meson sector described by b → s(d) tran-
sitions have been studied theoretically (see for example [1] and
references therein) and experimentally in detail (see for exam-
ple [2]).
Exclusive Λb → Λ+− , Λb → Λγ decays in baryonic sector,
which are described by b → s transition are also very interest-
ing. The main advantage of these baryonic decays is that, unlike
mesonic decays, they can give information about the helicity struc-
ture of the effective Hamiltonian [3].
The baryonic decays Λb → Λ+− , Λb → Λγ , Λb → Λν¯ν in-
duced by the ﬂavor changing neutral current (FCNC) are studied
comprehensively in many works [2,4–11]. The ﬁrst step in exper-
imental investigation of rare baryonic decays has recently been
taken by the CDF Collaboration, and they announced the observa-
tion of the baryonic rare Λb → Λμ+μ− decay. LHCb Collaboration
is planning to study this decay in the near future [13]. The ex-
perimental observation of this decay has stimulated researches for
a more reﬁned theoretical analysis of this subject.
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Open access under CC BY license.As has already been noted, rare decays induced by b → s tran-
sition are quite promising for checking prediction of the SM and
searching new physics beyond the SM. In this sense, the physi-
cal observables like branching ratio, forward–backward asymme-
try AFB , single and double lepton polarization effects, polarized
forward–backward asymmetry are very useful.
Recently we have studied the rare Λb → Λ+− decay within
non-universal Z ′ model [14]. The sensitivities of the branching ra-
tio, forward–backward asymmetry, and asymmetry parameters due
to the polarization of the Λ and Λb baryons, on Z ′ model param-
eters are investigated in detail.
In the present work we perform an analysis of the single
and double lepton polarization effects, and polarized forward–
backward asymmetries in the framework of the non-universal Z ′
model developed in [15]. It should also be noted here that, so far,
the effects of non-universal Z ′ model in the B-meson sector have
been studied in many works [16–18].
The outline of the Letter is as follows. In Section 2 we present
the effective Hamiltonian responsible for the b → s+− transition.
In this section we also present the matrix element for the Λb →
Λ+− decay, and expressions of the polarized forward–backward
asymmetries in the Z ′ model. In Section 3 the numerical results of
these physical observables are given.
2. Theoretical framework
Neglecting doubly Cabibbo-suppressed contribution, the effec-
tive Hamiltonian responsible for the b → s+− transition at μ =
O(mb) scale is given as [19] (see also the ﬁrst reference in [1]),
Heff = −4GF√
2
VtbV
∗
ts
10∑
Ci(μ)Oi(μ). (1)i=1
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in [19] and the ﬁrst reference in [1]. The Wilson coeﬃcients are
calculated in numerous works (see for example [20] and the ref-
erences therein). The matrix element for the b → s+− transition
in SM is given by
M = GFαem
2
√
2π
VtbV
∗
ts
[
Ceff9 s¯γμ(1− γ5)b¯γ μ
+ C10 s¯γμ(1− γ5)b¯γ μγ5
− 2mbC7 s¯iσμν q
ν
q2
(1+ γ5)b¯γ μ
]
, (2)
where GF is the Fermi constant, αem is the ﬁne structure constant,
Ceff9 , C10 and C7 are the relevant Wilson coeﬃcients. V ij are the
elements of Kobayashi–Maskawa matrix.
The family non-universal Z ′ model considered in this work
could lead to FCNC at tree level, as well as to the appearance of
new weak phases. Appearance of FCNS at tree level can be at-
tributed to the non-diagonal chiral coupling matrix. Assuming that
the couplings of right-handed quarks with Z ′ boson are ﬂavor di-
agonal, and neglecting Z–Z ′ mixing, the Z ′ part of the effective
Hamiltonian is given by
H Z
′
eff =
2GF√
2
VtbV
∗
ts
[
BLsb B
L

VtbV ∗ts
s¯γμ(1− γ5)b¯γ μ(1− γ5)
+ B
L
sb B
R

VtbV ∗ts
s¯γμ(1− γ5)b¯γ μ(1+ γ5)
]
, (3)
which can be rewritten as
H Z
′
eff = −
4GF√
2
VtbV
∗
ts
(
C Z
′
9 O9 + C Z
′
10O10
)
, (4)
where
C Z
′
9 = −
g2S
e2
BLsb B
R

VtbV ∗ts
S LR ,
C Z
′
10 =
g2S
e2
BLsb
VtbV ∗ts
DLR , (5)
and,
SLR =
(
BL + BR
)
,
DLR =
(
BL − BR
)
. (6)
The off-diagonal element BLsb might contain a new phase, and
therefore can be written as |BLsb|eiϕ .
The essential point of this model is that Z ′ contribution does
not lead to the appearance of any new operators that exist in
the SM, and its contribution modiﬁes the Wilson coeﬃcients C9
and C10. As a result, in order to take Z ′ effects into account it is
enough to make the following replacements in Eq. (2),
Ceff9 → Ceff9 −
4π
αS
(28.82)
BLsb
VtbV ∗ts
S LR = Ctot9 ,
C10 → C10 + 4π
αS
(28.82)
BLsb
VtbV ∗ts
DLR = Ctot10 . (7)
Our next task is to obtain the amplitude of the exclusive Λb →
Λ+− decay. For this purpose we sandwich Eq. (2) between ini-
tial and ﬁnal baryon states. Obviously, we need to determine the
matrix elements,
〈
Λ(p)
∣∣s¯γμ(1− γ5)b∣∣Λb(pB)〉, and〈
Λ(p)
∣∣s¯iσμνqν(1+ γ5)b∣∣Λb(pB)〉.These matrix elements are parametrized in terms of the form fac-
tors as follows〈
Λ(p)
∣∣s¯γμ(1− γ5)b∣∣Λb(pB)〉
= u¯Λ(p)
[
f1
(
q2
)
γμ + i f2
(
q2
)
σμνq
ν + f3
(
q2
)
qμ
− g1
(
q2
)
γμγ5 − ig2
(
q2
)
σμνγ5q
ν
− g3
(
q2
)
γ5qμ
]
uΛb (pB), (8)〈
Λ(p)
∣∣s¯iσμνqν(1+ γ5)b∣∣Λb(pB)〉
= u¯Λ(p)
[
f T1
(
q2
)
γμ + i f T2
(
q2
)
σμνq
ν
+ f T3
(
q2
)
qμ + gT1
(
q2
)
γμγ5
+ igT2
(
q2
)
σμνγ5q
ν + gT3
(
q2
)
γ5qμ
]
uΛb (pB), (9)
where q2 = (pB − pΛ)2 and f i , gi , f Ti , gTi are the form factors
responsible for the Λb → Λ transition.
Using Eqs. (7)–(9), one can easily obtain the matrix element of
the Λb → Λ+− decay which is given by
M = GFαem
4
√
2π
VtbV
∗
ts
{
¯γ μu¯Λ(p)
[
A1γμ(1+ γ5) + B1γμ(1− γ5)
+ iσμνqν
(
A2(1+ γ5) + B2(1− γ5)
)
+ qμ
(
A3(1+ γ5) + B3(1− γ5)
)]
uΛb (pB)
+ ¯γ μγ5u¯Λ(p)
[
D1γμ(1+ γ5) + E1γμ(1− γ5)
+ iσμνqν
(
D2(1+ γ5) + E2(1− γ5)
)
+ qμ
(
D3(1+ γ5) + E3(1− γ5)
)]
uΛb (pB)
}
, (10)
where
A1 = −2mb
q2
C7
(
f T1 + gT1
)+ Ctot9 ( f1 − g1),
A2 = A1(1 → 2), A3 = A1(1 → 3),
Bi = Ai
(
gi → −gi, gTi → −gTi
)
,
Di = Ctot10 ( f1 − g1), D2 → D1(1 → 2),
D3 → D1(1 → 3), Ei = Di(gi → −gi).
The matrix element for the Λb → Λ+− decay given in
Eq. (10) is the starting for us for all further discussion. In order
to calculate the double lepton polarization effects, we introduce
the orthogonal unit vectors s±μi in the rest frame of leptons,
s−μL =
(
0, e−L
)=
(
0,
p−
|p−|
)
,
s−μN =
(
0, e−N
)=
(
0,
pΛ × p−
|pΛ × p−|
)
,
s−μT =
(
0, e−T
)= (0, eN × eL). (11)
The unit vectors for the polarizations of + lepton can be obtained
from Eq. (11) by making the replacement p− → p+ . Here, p−(p+)
and pΛ are the three momenta of the −(+) lepton and Λ baryon
in the center of mass frame (CM) of the lepton pair. Transforma-
tion of the unit vector s±μi from rest frame to CM of the leptons
can done by Lorentz boosting. It should be noted here that, in
performing Lorentz boosts transversal and normal components are
unchanged, and only longitudinal component s±μL is transformed.
As a result we get
(
s±μL
)
CM =
( |p±|
m
,
Ep±
m|p±|
)
. (12)
Now we are ready to deﬁne the double lepton polarizations.
Following [21] we deﬁne double and single lepton polarizations in
the following way,
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(
q2
)= (
dΓ (s−i ,s+j )
dsˆ
− dΓ (−s
−
i ,s+j )
dsˆ
) − ( dΓ (s
−
i ,−s+j )
dsˆ
− dΓ (−s
−
i ,−s+j )
dsˆ
)
(
dΓ (s−i ,s+j )
dsˆ
+ dΓ (−s
−
i ,s+j )
dsˆ
) + ( dΓ (s
−
i ,−s+j )
dsˆ
+ dΓ (−s
−
i ,−s+j )
dsˆ
)
,
Pi
(
q2
)=
dΓ (si)
dsˆ
− dΓ (−si)
dsˆ
dΓ (si)
dsˆ
+ dΓ (−si)
dsˆ
. (13)
The ﬁrst (second) subindex of Pij represents polarization of lepton
(anti-lepton).
In this work we also investigate the polarized forward–back-
ward asymmetries, which are deﬁned as
Ai jFB(sˆ) =
(
dΓ (sˆ)
dsˆ
)−1{ 1∫
0
dz −
0∫
−1
dz
}
×
{[d2Γ (sˆ,s−i ,s+j )
dsˆ dz
− d
2Γ (sˆ,s−i ,−s+j )
dsˆ dz
]
−
[d2Γ (sˆ,−s−i ,s+j )
dsˆ dz
− d
2Γ (sˆ,−s−i ,−s+j )
dsˆ dz
]}
=AFB
(s−i ,s+j )−AFB(s−i ,−s+j )−AFB(−s−i ,s+j )
+AFB
(−s−i ,−s+j ). (14)
Using the same convention and notations used in [7], for the
double lepton polarizations we get
PLL =
16m4Λb
3
Re
{−6mΛb
√
rˆΛ(1− rˆΛ + sˆ)
× [sˆ(1+ v2)(A1A∗2 + B1B∗2)− 4mˆ2(D1D∗3 + E1E∗3)]
+ 6mΛb (1− rˆΛ − sˆ)
[
sˆ
(
1+ v2)(A1B∗2 + A2B∗1)
+ 4mˆ2
(
D1E
∗
3 + D3E∗1
)]
+ 12
√
rˆΛ sˆ
(
1+ v2)(A1B∗1 + D1E∗1 +m2Λb sˆA2B∗2
)
+ 12m2Λbmˆ2 sˆ(1+ rˆΛ − sˆ)
(|D3|2 + |E3|2)
− (1+ v2)[1+ rˆ2Λ − rˆΛ(2− sˆ) + sˆ(1− 2sˆ)]
× (|A1|2 + |B1|2)− [(5v2 − 3)(1− rˆΛ)2 + 4mˆ2(1+ rˆΛ)
+ 2sˆ(1+ 8mˆ2 + rˆΛ)− 4sˆ2](|D1|2 + |E1|2)
−m2Λb
(
1+ v2)sˆ[2+ 2rˆ2Λ − sˆ(1+ sˆ) − rˆΛ(4+ sˆ)]
× (|A2|2 + |B2|2)− 2m2Λb sˆv2
[
2
(
1+ rˆ2Λ
)− sˆ(1+ sˆ)
− rˆΛ(4+ sˆ)
](|D2|2 + |E2|2)
+ 12mΛb sˆ(1− rˆΛ − sˆ)v2
(
D1E
∗
2 + D2E∗1
)
− 12mΛb
√
rˆΛ sˆ(1− rˆΛ + sˆ)v2
(
D1D
∗
2 + E1E∗2
)
+ 24m2Λb
√
rˆΛ sˆ
(
sˆv2D2E
∗
2 + 2mˆ2D3E∗3
)}
, (15)
PLN = −PNL =
16πm4Λbmˆ
√
λ

√
sˆ
Im
{
(1− rˆΛ)
(
A∗1D1 + B∗1E1
)
+mΛb sˆ
(
A∗1E3 − A∗2E1 + B∗1D3 − B∗2D1
)
+mΛb
√
rˆΛ sˆ
(
A∗1D3 + A∗2D1 + B∗1E3 + B∗2E1
)
−m2Λb sˆ2
(
B∗2E3 + A∗2D3
)}
, (16)
PLT =
16πm4Λbmˆ
√
λv

√
sˆ
Re
{
(1− rˆΛ)
(|D1|2 + |E1|2)
− sˆ(A1D∗1 − B1E∗1)−mΛb sˆ[B1D∗2 + (A2 + D2 − D3)E∗1
− A1E∗2 − (B2 − E2 + E3)D∗1
]+m2Λb sˆ(1− rˆΛ)
(
A2D
∗
2 − B2E∗2
)+mΛb
√
rˆΛ sˆ
[
A1D
∗
2
+ (A2 + D2 + D3)D∗1 − B1E∗2 − (B2 − E2 − E3)E∗1
]
−m2Λb sˆ2
(
D2D
∗
3 + E2E∗3
)}
, (17)
PT L =
16πm4Λbmˆ
√
λv

√
sˆ
Re
{
(1− rˆΛ)
(|D1|2 + |E1|2)
+ sˆ(A1D∗1 − B1E∗1)+mΛb sˆ[B1D∗2 + (A2 − D2 + D3)E∗1
− A1E∗2 − (B2 + E2 − E3)D∗1
]
−m2Λb sˆ(1− rˆΛ)
(
A2D
∗
2 − B2E∗2
)−mΛb
√
rˆΛ sˆ
[
A1D
∗
2
+ (A2 − D2 − D3)D∗1 − B1E∗2 − (B2 + E2 + E3)E∗1
]
−m2Λb sˆ2
(
D2D
∗
3 + E2E∗3
)}
, (18)
PNT = −PT N =
64m4Λbλv
3
Im
{(
A1D
∗
1 + B1E∗1
)
+m2Λb sˆ
(
A∗2D2 + B∗2E2
)}
, (19)
PNN =
32m4Λb
3sˆ
Re
{
24mˆ2
√
rˆΛ sˆ
(
A1B
∗
1 + D1E∗1
)
− 12mΛbmˆ2
√
rˆΛ sˆ(1− rˆΛ + sˆ)
(
A1A
∗
2 + B1B∗2
)
+ 6mΛbmˆ2 sˆ
[
mΛb sˆ(1+ rˆΛ − sˆ)
(|D3|2 + |E3|2)
+ 2
√
rˆΛ(1− rˆΛ + sˆ)
(
D1D
∗
3 + E1E∗3
)]
+ 12mΛbmˆ2 sˆ(1− rˆΛ − sˆ)
× (A1B∗2 + A2B∗1 + D1E∗3 + D3E∗1)
− [λsˆ + 2mˆ2(1+ rˆ2Λ − 2rˆΛ + rˆΛ sˆ + sˆ − 2sˆ2)]
× (|A1|2 + |B1|2 − |D1|2 − |E1|2)
+ 24m2Λbmˆ2
√
rˆΛ sˆ
2(A2B∗2 + D3E∗3)
−m2Λbλsˆ2v2
(|D2|2 + |E2|2)
+m2Λb sˆ
{
λsˆ − 2mˆ2
[
2
(
1+ rˆ2Λ
)− sˆ(1+ sˆ) − rˆΛ(4+ sˆ)]}
× (|A2|2 + |B2|2)}, (20)
PT T =
32m4Λb
3sˆ
Re
{−24mˆ2
√
rˆΛ sˆ
(
A1B
∗
1 + D1E∗1
)
− 12mΛbmˆ2
√
rˆΛ sˆ(1− rˆΛ + sˆ)
(
D1D
∗
3 + E1E∗3
)
− 24m2Λbmˆ2
√
rˆΛ sˆ
2(A2B∗2 + D3E∗3)
− 6mΛbmˆ2 sˆ
[
mΛb sˆ(1+ rˆΛ − sˆ)
(|D3|2 + |E3|2)
− 2
√
rˆΛ(1− rˆΛ + sˆ)
(
A1A
∗
2 + B1B∗2
)]
− 12mΛbmˆ2 sˆ(1− rˆΛ − sˆ)
× (A1B∗2 + A2B∗1 + D1E∗3 + D3E∗1)
− [λsˆ − 2mˆ2(1+ rˆ2Λ − 2rˆΛ + rˆΛ sˆ + sˆ − 2sˆ2)]
× (|A1|2 + |B1|2)
+m2Λb sˆ
{
λsˆ + mˆ2
[
4(1− rˆΛ)2 − 2sˆ(1+ rˆΛ) − 2sˆ2
]}
× (|A2|2 + |B2|2)
+ {λsˆ − 2mˆ2[5(1− rˆΛ)2 − 7sˆ(1+ rˆΛ) + 2sˆ2]}
× (|D1|2 + |E1|2)−m2Λbλsˆ2v2
(|D2|2 + |E2|2)}. (21)
Using the deﬁnition of single lepton polarization we ﬁnd
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64m4Λb sˆv

{
±
√
rˆΛ
(
2Re
[
A∗1E1 + B∗1D1
]
−mΛb (1− rˆΛ + sˆ)Re
[
A∗1D2 + A∗2D1
])
∓mΛb
√
rˆΛ(1− rˆΛ + sˆ)Re
[
B∗1E2 + B∗2E1
]
± 2m2Λb sˆ
√
rˆΛ Re
[
A∗2E2 + B∗2D2
]
±mΛb (1− rˆΛ − sˆ)Re
[
A∗1E2 + A∗2E1 + B∗1D2 + B∗2D1
]
∓ 1
3sˆ
[
1+ rˆ2Λ + rˆΛ(sˆ − 2) + sˆ(1− 2sˆ)
]
Re
[
A∗1D1 + B∗1E1
]
∓ 1
3
m2Λb
[
2+ rˆΛ(2rˆΛ − 4− sˆ) − sˆ(1+ sˆ)
]
× Re[A∗2D2 + B∗2E2]
}
, (22)
P∓T =
16πm3Λbmˆ
√
sˆλ

{
−(|A1|2 − |B1|2)
+ 2mΛb Re
[
A∗1B2 − A∗2B1
]
∓mΛb Re
[
A∗1E3 − A∗2E1 + B∗1D3 − B∗2D1
]
+m2Λb (1− rˆΛ)
(|A2|2 − |B2|2)
+mΛb
√
rˆΛ Re
[
2A∗1A2 − 2B∗1B2 ∓ A∗1D3 ∓ A∗2D1
∓ B∗1E3 ∓ B∗2E1
]− (1− rˆΛ)
sˆ
(±Re[A∗1D1 + B∗1E1])
}
, (23)
P∓N =
16πm3Λbmˆv
√
sˆλ

{±Im[A∗1D1 − B∗1E1]
+mΛb
(±Im[B∗1D2 − A∗1E2]+ Im[(±A2 + D2 + D3)∗E1]
− Im[(±B2 − E2 − E3)∗D1])
∓mΛb
(
mΛb (1− rˆΛ) Im
[
A∗2D2 − B∗2E2
]
+
√
rˆΛ Im
[
A∗1D2 + A∗2D1
])+mΛb
√
rˆΛ Im
[
D∗1(D2 − D3)
− E∗2(±B1 + E1) − E∗1(±B2 + E3)
]}
. (24)
Using these deﬁnitions for the doubly-polarized F B asymme-
tries, we get the following results:
ALLFB =
32m5Λb sˆ
√
λv

Re
[−{mΛb (1− rˆΛ)(A2D∗2 − B2E∗2)
+
√
rˆΛ
(
A1D
∗
2 + A2D∗1
)}+√rˆΛ(B1E∗2 + B2E∗1)], (25)
ALTFB = −AT LFB =
64m4Λbmˆλ
3
√
sˆ
Re
[−{|A1|2 + |B1|2}
+m2Λb sˆ
{|A2|2 + |B2|2}], (26)
ALNFB =ANLFB =
64m4Λbmˆλv
3
√
sˆ
Im
[−(A1D∗1 + B1E∗1)
+m2Λb sˆ
(
A2D
∗
2 + B2E∗2
)]
, (27)
ANTFB =AT NFB =
64m4Λbmˆ
2

√
λ
sˆ
Im
[
mΛb sˆ
{
A1E
∗
3 − A2E∗1
+ B1D∗3 − B2D∗1
}+mΛb sˆ
√
rˆΛ
(
A1D
∗
3 + A2D∗1
+ B1E∗3 + B2E∗1
)+ (1− rˆΛ)(A1D∗1 + B1E∗1)
−m2Λb sˆ2
(
A2D
∗
3 + B2E∗3
)]
, (28)
ANNFB =AT TFB = 0. (29)In the expressions for Ai jFB , the superscript indices i and j cor-
respond to the lepton and anti-lepton polarizations, respectively,
and  is determined from the differential decay rate,
dΓ
dsˆ
= GFα
2
em
8192π5
∣∣VtbV ∗ts∣∣2v
√
λ(1, rˆΛ, sˆ).
In all expressions the quantities λ(1, rˆΛ, sˆ), sˆ, rˆΛ , mˆ and v are
deﬁned as λ(1, rˆΛ, sˆ) = 1 + rˆ2Λ + sˆ − 2rˆΛ − 2sˆ − 2rˆΛ sˆ, sˆ = q2/m2Λb ,
rˆΛ =mΛ/mΛb , mˆ =m/mΛb , and v =
√
1− 4mˆ2
sˆ
.
Few words about the CP and T properties of the lepton polar-
izations and the polarized forward–backward asymmetries are in
order.
We ﬁrst analyze the terms involving triple product correlations.
The terms involving single-spin or two-spin triple products are
proportional to εαβρσ pαΛp
β
−s
ρ
−pσ+ and εαβρσ pαΛb p
β
Λs
ρ
−sσ+ , respec-
tively, which give the triple product correlations p− · (p+ × s−)
and pΛ · (s+ ×s−). These terms are T odd, and hence, CP odd from
CPT invariance.
The other terms that do not contain triple products are T even,
and correspondingly, CP even. Therefore PN , PLN , PT N and ANTFB
terms are T odd and CP odd, all remaining terms are T even and
CP even.
3. Numerical analysis
In the previous section we present the expressions for double
and single lepton polarizations in family non-universal Z ′ model.
We now proceed with the numerical analysis of these physical
observables. In addition to the input parameters in the SM, the
considered version of the family non-universal Z ′ model contains
four new parameters, namely, |BLsb|, ϕLS , BL , BR . For the numer-
ical analysis we use the constraints to the parameters |BLsb| and
ϕLS obtained from the recent B
0
s –B¯
0
s mixing data measured at LHC
and Tevatron. The latest results on the CP-violating phase ϕLS and
like-sign dimuon charge asymmetry AbSL of the semileptonic de-
cays are
−2ϕLS = −43.50+21.8
0
−20.60 ± 1.20 [22],
−59.60 −2ϕLS  2.30 [23],
−2ϕLS = 8.60 ± 10.20 [24],
−2ϕLS = −25.20 ± 25.20 ± 25.20 ± 1.20 [25],
AbSL = (−7.87± 1.72± 0.93) × 10−3 [26].
The question whether Z ′ model could explain all these recent re-
sults is studied in [27], and it is found that there is no room in
the Z ′ for accommodation of all these data, especially for the AbSL .
The constraints in this work are obtained from MS , ϕS and ΓS
data. Following [27] we choose∣∣BLsb∣∣= (0.4± 0.1) × 10−2,
ϕLS = 1500 ± 100, or, −1500 ± 100.
The constraints to the BL and B
R
 are obtained from the analysis
of B → Xsμ+μ− [28], B → K (∗)μ+μ− [29,30] and B → μ+μ−
[31], which lead to the results BL = −9.0×10−3, BR = 1.7×10−2.
For the form factors, which are the main input parameters in
the numerical analysis, we use the results obtained in [32]. More-
over, in our calculations we take into account the errors for the
parameters entering to the expressions of the form factors.
We have studied the sensitivities of single and double lep-
ton polarizations on input parameters of family non-universal Z ′
model. We can summarize the result of our analysis as follows:
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Fig. 2. The same as in Fig. 1, but for the double-lepton polarization asymmetry PT T .• PL decreases maximally 5% in both scenarios compared to the
SM prediction.
• The values of PT and PN practically do not change. Therefore
we can conclude that single lepton polarization effects are not
so eﬃcient for establishing new physics in the framework of
family non-universal Z ′ model.
As a result of the analysis of double lepton polarization we ob-
tain that:
• Prediction for PLL does coincide for both SM and family non-
universal Z ′ model.
• Double lepton polarizations PNN , PT T , PNT and PT N are quite
sensitive to the parameters of Z ′ model. As an example we
present the q2 dependence of PNN , PT T and PT N in Figs. 1, 2
and 3, respectively. We observe from these ﬁgures that, in theregion 1 GeV2  q2  8 GeV2, which is free of contributions
from J/ψ resonances, there occurs considerable difference be-
tween the predictions of the SM and family non-universal Z ′
model.
• In Fig. 4 we present the dependence of the polarized forward–
backward asymmetry ALLFB on q2 in the SM and family non-
universal Z ′ model. It follows from this ﬁgure that the zero
position of ALLFB coincides in the SM and Z ′ models. But the
values of ALLFB are different in different regions of q2. For ex-
ample, in the region 3 GeV2  q2  8.5 GeV2, ALLFB is different
from zero in the SM model, while it is zero in the Z ′ model.
Again, in the region 10.5 GeV2  q2  13.0 GeV2, ALLFB is posi-
tive and considerably far from zero, but it is negative and close
to zero in the Z ′ model. Therefore measurement of the value
and sign of ALLFB can give unambiguous information about the
existence of new physics.
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Fig. 4. The dependence of the double-lepton polarization asymmetry ALLFB on q2 for the Λb → Λμ+μ− decay.We have also analyzed the remaining forward–backward asym-
metries ALNFB , ANLFB , ALTFB , AT LFB , ANTFB and AT NFB and obtained that the
contribution of new Z ′ bosons to these asymmetries are negligibly
small.
Now we would like to discuss the prospect of measurement of
the aforementioned asymmetries in experiments. For this aim it
is necessary to calculate the average values of these asymmetries,
which are deﬁned as
〈P 〉 =
∫ (mΛb−mΛ)2
4m2
P dB
dq2
dq2
∫ (mΛb−mΛ)2
4m2
dB
dq2
dq2
,
where P stands for Pi , Pij or Ai j .FBIn Tables 1 and 2, we present the average values of all polar-
ization asymmetries for the Λb → Λμ+μ− and Λb → Λτ+τ− de-
cays, respectively. We see from these tables that 〈PNN 〉, 〈PNT 〉 and
〈PT T 〉 in the Λb → Λμ+μ− decay, and 〈PLN 〉 in the Λb → Λτ+τ−
decay exceed considerably the SM results. To the question whether
these asymmetries can be measured in experiments, we comment
as follows. Experimentally, to measure an asymmetry 〈P 〉 of a de-
cay with branching ratio B at nσ level, necessary number of events
is given by the expression,
N = n
2
B〈P 〉2s1s2 ,
where s1 and s2 are the eﬃciencies of the detection of leptons. In
our numerical calculations we use si = 1 for μ, and si = 1/2 for τ
lepton, respectively.
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Average values of the double polarizations 〈Pij〉, for the Λb → Λμ+μ− decay. In
these calculations central values of the form factors are used.
Λb → Λμ+μ− SM SM + Z ′
〈PLL 〉 −0.9808 −0.9858
〈PLN 〉 0.0035 0.0311
〈PNL 〉 −0.0035 −0.0311
〈PLT 〉 0.0302 0.0136
〈PT L〉 0.0529 0.0107
〈PNN 〉 −0.0469 −0.2918
〈PNT 〉 −0.0346 −0.2537
〈PT N 〉 0.0346 0.2537
〈PT T 〉 −0.0479 −0.2835
Table 2
The same as Table 1, but for the Λb → Λτ+τ− decay.
Λb → Λτ+τ− SM SM + Z ′
〈PLL 〉 0.3023 −0.1852
〈PLN 〉 0.0261 0.1079
〈PNL 〉 −0.0261 −0.1079
〈PLT 〉 −0.0268 0.0194
〈PT L〉 0.0920 0.0023
〈PNN 〉 0.3591 −0.1745
〈PNT 〉 −0.0082 −0.0358
〈PT N 〉 0.0082 0.0358
〈PT T 〉 −0.4788 −0.0729
Using the average values of asymmetries and branching ra-
tios B(Λb → Λμ+μ−) = (4.6 ± 1.6) × 10−6 [32], and B(Λb →
Λτ+τ−) = (8.0± 3.0) × 10−7 [32], the required number of events
at 3σ level are
• for the Λb → Λμ+μ− decay
N =
{
2.0× 107 (for PNN and PT T ),
3.0× 107 (for PNT and PT N), (30)
• for the Λb → Λτ+τ− decay
N = 4.50× 109 (for PLN and PNL). (31)
It expected that LHCb would produce 1012 b¯b pairs. A com-
parison of this number and N listed above yields that it is pos-
sible to detect these asymmetries at LHCb. It should be men-
tioned here that, if experimental value of the branching ratio
B = (1.73± 0.42± 0.55)× 10−6 [12] of the for the Λb → Λμ+μ−
were used, the number of events presented above increase, ap-
proximately, by a factor of two.
As the concluding remark we can summarize our analysis as
follows. Contributions of family non-universal Z ′ model to the sin-
gle and double lepton polarizations, as well as polarized forward–
backward asymmetry ALLFB in rare, exclusive baryonic Λb → Λ+−
decay is studied. It is obtain that PNN , PT T and PT N are quite sen-
sitive to the Z ′ boson contributions. Moreover, it is found that thepolarized forward–backward asymmetry ALLFB is also sensitive to
the existence of Z ′ boson. Therefore, determination of the value
of ALLFB is a very important information about new physics be-
yond the SM. Our calculations show that PNN , PNT (PT N) for the
Λb → Λμ+μ− decay, and PLN for the Λb → Λτ+τ− decay could
be detected at LHCb.
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